Abstract Post-traumatic pseudoaneurysms are rare in the peripheral arteries and usually occur as a late sequel of trauma. Surgery has traditionally been considered as the gold standard of therapy for traumatic peripheral pseudoaneurysms. We report 2 cases of post traumatic pseudoaneurysms successfully treated by percutaneous cyanoacrylate glue (N-Butyl 2 cyanoacrylate) embolization. This method offers complete exclusion of the pseudoaneurysm, at the same time avoiding the morbidity of open surgery.
Introduction
Surgery has long been considered as gold standard for the treatment of peripheral pseudoaneurysms [1] . However, nonsurgical alternatives such as ultrasound-guided compression, coil embolization, stent placement, and percutaneous thrombin injection are being increasingly used to treat peripheral pseudoaneurysms. Cyanoacrylate glue (N-butyl cyanoacrylate) has been widely used in neurovascular interventions and in endovascular treatment of pseudoaneurysms [2] [3] [4] [5] [6] . We report two cases of peripheral pseudoaneurysms treated by percutaneous embolization with cyanoacrylate glue.
Case 1
A 35-year-old lady presented with a swelling over the right shoulder for the last 3 months. She had sustained a midshaft humerus fracture 3 months ago for which she had undergone an open reduction and internal fixation with an intramedullary nail.
On examination, she was found to have a firm 5×5 cm swelling over the right shoulder. The swelling was pulsatile. A pseudoaneurysm of the axillary artery was suspected and a digital subtraction angiogram obtained. This revealed a pseudoaneurysm arising from the circumflex humoral branch of the axillary artery.
Selective cannulation of the feeder vessel was unsuccessful. The pseudoaneurysm was percutaneously punctured under US guidance with a 20 G Chiba needle and an angiogram was obtained (Fig. 1a) . The feeder artery origin was occluded by a 7 mm×2.5 cm balloon. Check injection of contrast into the pseudoaneurysm revealed stasis of contrast within the pseudoaneurysm, confirming occlusion of the feeder vessel (Fig. 1b) . The pseudoaneurysm was embolized with 1 ml of 33% Histoacryl (B. Braun Melsungen AG, Germany) and Lipiodol (Guerbet, France). Postembolization, right subclavian angiogram revealed nonopacification of the pseudoaneurysm (Fig. 1c) . Ultrasound screening revealed complete thrombosis of the pseudoaneurysm cavity.
Case 2
A 55-year-old man sustained a fracture neck of right femur following a fall. He underwent surgical fixation for the same, but developed implant infection. He underwent implant exit followed by a right cemented total hip replacement. Postoperatively, he was found to have a tender swelling over the right thigh, with bleeding from the wound. A femoral pseudoaneurysm was suspected and a duplex ultrasound obtained. This revealed a pseudoaneurysm arising from a muscular branch of the profunda femoris artery.
Percutaneous puncture of the pseudoaneurysm was done under ultrasound guidance. Check angiogram revealed a 3×2 cm pseudoaneurysm communicating with a branch arising from the profunda femoris artery (Fig. 2a) . There was reflux of the contrast into adjacent muscular branches of the profunda femoris artery, but not into the parent vessel. The pseudoaneurysm was embolized with 1.5 ml of 40% Histoacryl (B. Braun Melsungen AG, Germany) and Lipiodol (Guerbet, France). Postprocedure check angiogram revealed complete occlusion of the pseudoaneurysm. Postembolization, ultrasound screening revealed complete thrombosis of the pseudoaneurysm cavity, and a plain radiograph revealed a glue cast within the pseudoaneurysm (Fig. 2b) .
Discussion
A pseudoaneurysm forms when blood escapes from the lumen of an artery through a defect in one or more layers of the arterial wall and forms a localized pocket of flow in the surrounding tissues [7] . Penetrating trauma is the most common cause of noniatrogenic traumatic pseudoaneurysms [1] . If untreated, these can result in pain, swelling, compression of adjacent structures, rupture, and bleeding [8, 9] .The diagnosis is often suspected clinically and confirmed by a color flow duplex ultrasound or a digital subtraction angiogram [1] .
Small (<1 cm) asymptomatic pseudoaneurysms can be observed because many will thrombose spontaneously [10] . However, larger (>1 cm) and symptomatic pseudoaneurysms require treatment.
Treatment options include ultrasound-guided compression, covered stent placement, coil embolization, percutaneous embolization, and open surgical repair.
Ultrasound-guided compression is mainly used for treatment of iatrogenic pseudoaneurysms at the groin. Major drawbacks include high failure rates, operator fatigue, and patient intolerance [8, 9] .
Covered stents bridge the rent in the vessel wall, and thus exclude the pseudoaneurysm from circulation. Currently their use is limited to pseudoaneurysms that have a difficult percutaneous access or when surgery is associated with major morbidity and mortality [11] . These are also not ideal for deployment across joints [1] .
Coil embolization is used to treat pseudoaneurysms that are difficult to access percutaneously [1] .
Direct percutaneous embolization with thrombin causes rapid obliteration of the pseudoaneurysm cavity and is highly effective [9] , even in patients on anticoagulation or antiplatelet agents [12] . Drawbacks include the risk of anaphylactic reaction, distal embolization, and its nonavailability in many places. Fig. 1 a) DSA showing opacification of pseudoaneurysm with reflux into parent artery b) occlusion of the parent artery with a balloon c) post embolization check angiogram with complete exclusion of the pseudoaneurysm Fig. 2 a) DSA through a percutaneous Chiba needle into the pseudoaneurysm with feeder artery from right profunda femoris artery b) Plain radiograph, post glue injection demonstrating a glue cast within the pseudoaneurysm Open surgical repair of pseudoaneurysms is usually reserved for patients with groin hematoma and skin necrosis, distal limb ischemia, infection, or abscess [1, 8] .
In our cases, the use of covered stent was not considered due to the high cost of the stent and money constraints. Selective cannulation of the feeder artery was attempted for coil embolization, but was however not successful, and hence coiling could not be done. Although percutaneous ultrasound-guided thrombin injection can be used to treat these pseudoaneurysms, this was not used because of nonavailability of thrombin.
Cyanoacrylate glue (N-butyl 2 cyanoacrylate) is widely used as a visceral arterial embolic agent for endovascular treatment of vascular malformations of the brain as well as many other visceral pseudoaneurysms. There have been various reports of its use in splenic [2] , pancreatic [3] , common hepatic [4] , renal [5] , and celiac trunk [6] pseudoaneurysms.
Polymerization of monomers of cyanoacrylate and formation of a glue cast form the basis of use of this agent. This occurs instantaneously when the glue comes in contact with ions and free radicals present in the body fluids [5, 13] .
It also has minimal tissue toxicity and induces very little inflammation [14] . Other advantages of cyanoacrylate glue include its radio-opaque nature, when mixed with an iodized oil such as Lipiodol, which helps in visualization with fluoroscopy [4] and its low viscosity, which helps in easy injection through a needle [13] .
The main drawback of the use of cyanoacrylate glue is the possibility of reflux of the glue in the parent vessel [15] . This can lead to ischemia of the normal structures. There are reports of small bowel stricture due to glue spillover following treatment of visceral pseudoaneurysms [15] . In our second case, although there was some spillover of glue, it was only into small muscular branches, and not into the main vessel, and was thus asymptomatic. Balloon protection of the parent artery [15] (as was done in case 1) as well as ultrasound compression of the neck [13] help to reduce the risk of spillover of glue.
Contraindications to use of cyanoacrylate glue include large pulsatile groin hematomas, presence of an abscess, skin necrosis, and distal ischemia. Open surgical intervention is indicated in these cases.
Conclusion
Arterial pseudoaneurysms are increasingly being managed nonoperatively. Percutaneous cyanoacrylate glue injection under fluoroscopic guidance is a safe and inexpensive alternative to open surgery for peripheral pseudoaneurysms. It has the dual advantage of being minimally invasive as well as having a low failure rate.
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